This study was to investigate the effectiveness of TENS on balance in stroke patients by analyzing some components such as foot pressure, limit of stability and velocity sway after providing somatosensroy input using TENS.
Ⅰ. Introduction
Stroke resulted from the cerebrovascular disorders accompanies deficits of cognition, movement, sensation, perception, speech impediment, depression and the change of personality (Braun et al., 2007) . Among those problems, sensory and motor deficits which are the most common feature of stroke can cause the severe problems in asymmetric posture and balance ability (Schmid et al., 2012) . Balance ability is necessary for the performance of independent activities of daily living (ADL) and gait. In addition, the biofeedback of somatosensory is indispensable for the balance ability (Bonan et al., 2004) .
To improve the balance ability in stroke patients, some interventions such as feedback training using a force plate (Cheng et al., 2001) , task-related circuit training (Dean et al., 2000) , early cycling training (Katz-Leurer et al., 2006) have been conducted and it is reported that additional sensory information could decrease the postural sway and improve the balance in patients with stroke in recent study (Cunha et al., 2012) . Priplata et al (2002) reported in his study that the application of imperceptibly mechanical noise stimulation on individual's soles could decrease the postural sway and Gravelle et al (2002) also reported that the application of electrical noise on medial/lateral surfaces of knee joint could reduce the postural sway. That is, the somatosensory input of lower extremities can improve the posture sense and stance stability by stimulating the proprioceptor (Gravelle et al., 2002) .
Transcutaneous electrical nerve stimulation (TENS), the most commonly used in physical therapy, is for the pain relief by releasing inhibitory neurotransmitters such as opioids, gamma amino butyric acid (GABA) from the spinal cord, rostral ventromedulla and periaqueductal gray through somatosensroy input (DeSantana et al., 2009; Kalra et al., 2001 ). However, there are many studies about the change of motor ability by TENS since it becomes known that somatosensory input can influence the motor cortex. Golaszweski et al (1999) reported that the surface electrical stimulation like TENS increases the motor output in healthy adults (Golaszewski et al., 1999) and Ng and Hui-Chan (2009) also reported that the electrical stimulation facilitates the recovery of motor function (Ng and Hui-Chan, 2009 ).
Moreover, in previous study designed for stroke patients, it is reported that the combined application of surface electrical stimulation and exercise not only effectively improved the strength of dorsiflexor and plantar flexor and gait speed but also reduced the plantarflexor spasticity much more than in the group performing only exercise (Laufer and Elboim-Gabyzon, 2011 ).
However, the effectiveness of electrical stimulation on the performance of activities is still controversial with some studies reporting electrical stimulation has no therapeutic effect on motor ability. Furthermore, it is insufficient of studies on the balance ability which is closely related with ADL and motor performance (Tong et al., 2006) . Thus, this study is to investigate the effectiveness of TENS on balance in stroke patients by analyzing some components such as foot pressure, limit of stability and velocity sway after providing somatosensroy input using TENS.
Ⅱ. Method
Subject
In this study, subjects who were diagnosed with stroke by neurologists using CT or MRI in M rehabilitation hospital participated in this study after they provided informed consents. The inclusion criteria of this study was as following; 1) more than 6 months for onset, 2) able to maintain the standing position independently for more than one minute, 3) able to perform the independent gait more than 30 m, 4) no orthopedic disease in lower extremities and trunk, 5) less than G2 spasticity according to modified Ashworth scale, 6) more than 24 scores of MMSE-K, 7) able to cooperate to instructions. In addition, patients who have neurologic, orthopedic disease, aphasia, pacemaker in heart or any wound of applied leg were excluded from this study.
Design
This was a single-blind, randomized, placebo-controlled, clinical trial. General characteristics of subjects were investigated and physiotherapists who were blinded from the assessment recorded all the demographic data into a computer program designed for stratified randomization.
The stratification performed before randomization was based on gender (male and female), side of hemiplegia (left and right). Twenty five subjects participated and were randomly divided into two groups, Control group (n=12) and TENS group (n=13) by the computer program.
Interventions were given to subjects 5 days a week for four weeks. TENS group were treated with TENS (DMC, Bio Tron DX, Korea) for 60 minutes in addition to the conventional therapy which included 30-minute exercise and rehabilitation ergometer training for 15 minutes.
Control group performed only conventional therapy.
Biphasic symmetrical stimulus of which phase duration is 50μs and 70-130Hz was used in this study. This frequency modulation was for the prevention of adaptation of sensory system. The stimulus intensity was increased until subjects felt tingling or buzzing feeling in foot and ankle without any muscle contraction or radiation in proximal body segments (Tyson et al., 2013) . Furthermore, the intensity was controlled three times in every 15 minute in order to prevent the adaptation. Electrical stimulation was applied on the skin of soleus, tibialis anterior, tensor fascia latae and vastus medialis in affected side. These muscle groups would influence on balance control. Soleus and tibialis anterior are important for ankle stabilization.
vastus medialis and tensor fascia latae are also important for knee extension and medial-lateral movement respectively (Worms et al., 2011) .
Outcome measures
All subjects were tested before and after 4-week intervention. Testers were blinded in order to eliminate the possible bias during test. Foot pressure, limit of stability and velocity sway for balance test were measured using Biorescue (Rm Ingenierie, France). Biorescue is a measurement device for static and dynamic balance in The distance of movement was analyzed, after separating affected side and non-affected side. The measurements were conducted three times and then the mean value was calculated for statistical analysis. In order to minimize muscle fatigue, 3-minute break was given between measurements.
Data Analysis
To confirm the homogeneity of subjects, general characteristics such as gender, paretic side and onset type were analyzed using Chi-Square test. In addition, independet t-test was also used to analyze other characteristics such as age, onset period, height and weight. To investigate the effects of TENS on balance of subjects, Paried t-test was used and Independent t-test was also used again to compare the changes of balance ability between groups.
The significant level was 0.05. Data was presented with mean value and standard deviation. PASW 18.0 for window was used for the statistical analysis.
Ⅲ. Result
General Features of the Participants of Study
The participants of this study were total of 25 stroke patients, 12 people in the control group and 13 in the Table 2) .
Ⅳ. Discussion
This study was to investigate the balance ability through the change of foot pressure, limit of stability and velocity sway in stroke patients after providing the input of somatosensory information using TENS.
Stroke patients show the asymmetric posture by supporting just 25∼43% of weight on affected lower extremity (Yang et al., 2007) . In this study, foot pressure in affected side was increased from 40.19±4.53% to 44.88±3.71% in TENS group which was higher than control group. This result suggests that TENS stimulation which is accompanied with conventional therapy increased the weight shift to affected side in standing position.
Limit of stability in affected side was more increased in TENS group than in control group in this study. This result suggests that TENS is an effective intervention for the weight shift toward affected side. Worm et al (2011) reported that balance ability was improved after the application of electrical stimulus on skin areas of SOL, TA, TFL and VAS in affected side. The improved function of affected lower limbs leads to the integration of movements and the improved coordination in upper limbs.
Then, the muscle activation strategy is well developed in order to effectively response to the perturbation of subjects (Worms et al., 2011) . In this study, TENS was applied to SOL, TA, TFL and VAS in line with previous study. It is believed that the increase of LOS was resulted from the improved capacity of movement of COP by facilitating the coordination between lower extremities and upper extremities with TENS.
There was a tendency for velocity sway to more decrease in TENS group than in control group. Balance is defined as a capacity of maintain the center of gravity within base of support with minimal sway. Thus, postural sway is the main value for the assessment of postural control, balance ability. Postural sway during standing appears by the interaction between the force which interrupt the postural control and postural control system for prevention of the loss of balance. Thus, the increased postural sway means the decreased postural control (Pavol, 2005) . In the results of this study, velocity sway tended to decrease in TENS group. This implied that TENS was presented as the effective intervention to improve the postural control.
Especially in this study, TENS group significantly showed more decrease of velocity control group than Control group in eye-closed condition. Cohen et al (1993) reported that normal input of sensory receptor is necessary for the minimal postural sway and stability. Visual, vestibular and somatic sensations are related to postural control (Mergner and Rosemeier, 1998; Smania et al., 2008) .
Proprioception and vestibular system are more dominant in eye closed condition. Smania et al (2008) reported that balance deficit of stroke patients is resulted from the decreased somatic sensation in lower extremities. According to these previous studies, the reason for the decrease of velocity sway of this study in eye-closed condition is because TENS improved the balance ability by increasing the input of proprioception in lower extremities.
In previous study, it is reported that postural sway was decreased in standing position after the application of TENS in healthy adults (Dickstein et al., 2006) . In addition, Pérennou et al (2001) and 200μs of TENS using two channels as a sensory threshold to gastrocnemius for 60 minutes. Cho et al (2013) also reported that high frequency TENS of 100 Hz could decreased the spasticity of gastrocnemius in chronic stroke patients. Furthermore, it is also reported that the decreased spasticity leads to the increased balance by correcting the asymmetric arrangement, resulting in functional improvements and effective energy consumption. In this study, high frequency current, 70-130Hz biphasic symmetrical stimulus, was used. The reason for the frequency modulation was to prevent the adaptation of sensory system (Tyson et al., 2013) . The improved balance in this study is believed to be a result of the decreased spasticity and improved arrangement by the high frequent TENS.
There are some limitations in this study. The diverse methods of TENS application to improve the balance ability and mobility were not conducted. Furthermore, the kinematics data of upper extremities, lower extremities and pelvis was not investigated in this study. further studies which compensate these limitations will be more helpful to analyze the effects of TENS on the recovery of motor function in diverse directions.
Ⅴ. Conclusion
This study was to investigate the effect of TENS for somatosensroy input on balance ability in 25 stroke patients.
Balance components such as foot pressure, limit of stability and velocity sway were measured for analyzing the balance ability of subjects. In the results, TENS addition to conventional therapy was more effective on the increase of foot pressure and limit of stability and the decrease of velocity sway in eye-closed condition. This suggests that the application of TENS is effective to improve the somatosensory input of affected side and to increase the motor function and balance ability.
